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THE EFFECTS OF APPLICATIONS OF VARIOUS SUBSTANCES ON
THE EPIDERMIS OF THE RAT*
EARL 0. BUTCHER, PH.D.
The literature contains little information on the changes which are actually
induced in the epidermis by the repeated applications of various substances. The
casual remark is often made that applications of certain oils "soften" the corneum
of the skin. How this "softening" which apparently is an edema of the corneum
is brought about is not clear. Oils on the surface may prevent water loss and
retard the desiccation of the cells of the corneum. On the other hand, the oil may
penetrate between the cells, alter the cell wall so that fluid within is retained
longer. In any instance, hypertrophy of the corneous layer with imperfect cornifl-
cation, a condition termed parakeratosis (MaeLeod and Muende, (1) ) results.
The cells of the corneum accumulate, remain large and swollen, and even retain
their nuclei. With the cessation of applications, large loose flakes of epidermal
cells are shed.
Most oils are said to have some irritating effect, yet the extent of their altera-
tion or how they affect the epidermis is not clear. They may cause a thickening
of the prickle cell layer or the establishment of an acanthosis condition, an in-
crease in mitotic rate, or a change in the stratum granulosum. Whether the oil
is effective through penetration, congestion—directly or indirectly—or by altering
the cell is not known.
In some previous experiments (Butcher and Parnell (2) ), the cholesterol con-
tent of the sebum was found to be increased when there was a great desquama-
tion. Whether or not the cholesterol content of the sebum in some way affected
the shedding of the epidermis was not ascertained. The most effective substance
to apply in order to prevent acanthosis, parakeratosis, and excessive shedding of
the skin, i.e., to maintain the epidermis in a normal condition, is a question of
practical or clinical importance.
Investigation of these problems in the rat seemed worthwhile in view of the
fact that the results might aid in treating skin bearing hair in other mammals
and give an insight into the cause of excessive shedding of epidermal cells.
METHODS
The experiments were usually started on young rats either of the albino or
Long-Evans strains when they were 22 days old or when the hair follicles in the
dorsum were in the resting stage. Older animals were also used. All rats were
fed Purina chow and kept in separate cages during the experiments to avoid the
removal of the applied substance by other animals. Previous to treatment the
hair was closely clipped from a large area of the dorsum of each individual.
* From The Departments of Anatomy, College of Dentistry and the Graduate School of
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Fm. 1. Section of normal skin of a 81-day-rat. X210.
Pica. 2. Enlarged section of figure 1. X700.
Pm. 8. Skin of rat receiving wool fat applications from 21st to 81st day of life. X720.
Pica. 4. Skin to which mineral oil was applied from 21st to 83rd day of life. Biopsy taken
at sge of 85 days. XflO.
Pica. 5. Skin of rat receiving daily applications of xylenc from 21st to 83rd day. Biopsy
taken on 85th day. XflD.
Pica. 6. Olin oil was applied daily to this skin from 21st to 29th day. X700.
Pm. 7. Olin oil was applied daily to this skin from 21st to 31st day. Skin was taken on
87th day. X).
Pica. 8. Oleic acid applications from 21st to 27th day cansed this effect. X75.
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One rat of each litter Served as a control, the denuded area being gently
swabbed daily with dry cotton. The bare dorsal areas of the other individuals of
the litter were swabbed once daily with either 10% acetic acid, castor oil, chlo-
roform, mineral oil, oleic acid, olive oil, olive oil and 10% cholesterol by weight,
potassium soaps of olcic, linoleic and ricinoleic acids, stearic acid, sodium oleate,
wool fat, wool fat and 10% cholesterol by weight, or xylene. A total of 216
rats was used in the experiments.
After the applications had been continued daily for 5 days to 2 weeks small
areas of skin were taken from the backs of treated and the the control rats were
fixed either in Bouin's fluid, Zenker's fluid, osmic acid, or 10% formalin. Fre-
quently 0.1 mg of colchicine was administered subcutaneously 10 hours prior to
excising the pieces in order to study the mitotic activity of the skin. The treated
skin of the living animals was further observed following the biopsies and areas
of it were often taken and fixed at intervals in the same reagents.
Routine histological procedure was followed in further preparation of the
tissues except in a few cases of the formalin-fixed tissue which was frozen and
stained with Sudan III.
OBSEEVATION5
The normal epidermis of the dorsum:
The strata, most noticeably the granulosum, of the epidermis change with age
in rats as do the hair coat (Butcher, (3)) and the other skin components (Parnell,
(4) ). For instance, the granulosum of a 21-day-rat consists of a single layer of
cells and in many regions even this layer is unidentifiable. As the 32nd day of
life is approached not only is there more growth of the skin components, but the
granulosum also becomes more pronounced, consisting of 2 or 3 layers of cells.
For this reason, in studying the effects of substances on the epidermis, it is nec-
essary to compare litter mates of nearly the same weight.
The basal cells of the epidermis in a 31-day-old rat are usually columnar in
shape, contain oval nuclei, and for the most part are arranged in a single layer
with their long axes perpendicular to the dermis (figs. 1 and 2). Immediately
above this layer more of the long axes of the cells are in a horizontal position.
Their nuclei are usually smaller, flatter, and often have a pyknotic character.
Small granules are evident for the first time in the cells. Superficial to this layer,
the cells constituting the granulosum are flatter and they contain more granules
of various sizes. In figure 2 the granulosa cells are masked but the cells in osmic
acid preparations have distinct cell boundaries. These two strata, the prickle
cell and granulosum, together are only 3 or 4 layers in thickness.
No stratum lucidum is recognized in this epidermis but the stratum corneum
has an abrupt limitation from the granulosum. Four or 5 layers constitute this
stratum and the cells arc usually more closely packed, particularly in osmic acid
preparations, than as indicated in figure 2.
Substances causing little or no effect:
The application of wool fat, hydrous or anhydrous, induced little, if any, al-
teration in the epidermis (fig. 3). The skin of the treated animal often felt slightly
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softer. Histologic sections frequently showed a thin lucidum and usually the
corneum was not quite as thick as in the litter mate control. It appeared as if the
wool fat aided in maintaining the epidermis in the normal condition.
When a combination of wool fat and cholesterol (10% of the total weight) was
applied, there was little evidence of any effect on the epidermis.
Substances causing a mild effect:
Substances causing a mild effect when applied once daily were 10% acetic
acid, chloroform, stearic acid, castor oil and mineral oil. Little effect was, in fact,
noted after stearic acid applications. Chloroform swabbed with the same gentle
pressure as the other snbstances produced little alteration in the epidermis. It
volatilized rapidly and was too transitory to have much effect. This result may be
contradictory to the experiences of some clinicians but much of the alteration
observed by them may be due to the severity of the application. The effect of
10% acetic acid was also usually mild, the alteration being mainly confined to the
granulosum where the cells were more numerous and the granules were more
evident when compared to the epidermis of the litter mate control. When the
concentration of the acid was increased to 20% or slight pressure was exerted in
swabbing, then more alterations were noted in the epidermis. Castor oil may be
listed also as having a very mild effect.
Among the substances listed as inducing a mild effect, mineral oil produced
the greatest alterations. In fact, in many instances, a pronounced effect or hyper-
trophy of the entire epidermis resulted as shown in figure 4. This hypertrophy
involved the prickle cell layer, granulosum, and imperfect cornification. Perlman
(5) found that mineral oil added to the diet of rats caused a hypertrophy of the
gingiva of the mandibular region.
Substances causing a pronounced effect:
The daily application of xylene caused a hypertrophy of the entire epidermis.
Instead of 1 or 2 layers of cells constituting the prickle cell stratum as in the
normal epidermis, the stratum became 4 or 5 layers in thickness (fig. 5). Al-
terations also occurred in the granulosum and there were often indications of a
lucidum. The greatest change was in the corneum where there was an excessive
formation of horn cells and an imperfect cornification. Occasionally nuclei were
found persisting in the cells which were swollen, loosely united with air and fluid
material between them. With cessation of the applications, the hypertrophy of
the prickle cell stratum subsided and the corneum was shed in great quantities.
Olive oil applications produced the most consistent and marked changes. Great
hypertrophy took place in the prickle cell stratum (fig. 6). Numerous mitotic
figures were apparent throughout this layer following the colchicine treatment,
indicating that many cells had assumed the proliferative activity of the basal
cells. Ten hours after colchicine treatment, one was able to count in histological
preparations on the average of 8 mitotic figures in one field of the microscope
while the average of 50 fields counted in the normal skin was only 1.5. Mitotic
figures may be seen in figure 6. The granulosum is 7 or 8 layers in thickness in
comparison to the 1 or 2 layers of the normal skin. Granules are very evident in
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the cells of this layer and the cells and their nuclei are much larger. If the applica-
tions were continued, the horny cells of the corneum were greatly affected. The
resulting parakeratosis was much more marked than with the xylene or mineral
oil. With the cessation of applications, great shedding of the corneum took place
(fig. 7). This was particularly evident on the black rats of the Long-Evans strain.
The addition of 10% of cholesterol by weight to the olive oil produced no greater
changes than the olive oil alone.
Why olive oil was so effective presented an interesting problem. One might
suspect that it was due to free fatty acids present, yet xylene and mineral oil
induced some hypertrophied changes. To test the effectiveness of free fatty acid,
oleic acid was applied and it produced marked changes (fig. 8). Not only did this
acid affect the epidermis but it penetrated down into the hair follicles and greatly
affected their epithelial lining. The corium also became infiltrated with numerous
lymphocytes.
Skin was then rubbed daily with either sodium oleate or neutralized olive oil.
These substances cause similar effects as the olive oil but not nearly so great an
effect as the oleic acid. The effects of the sodium oleate and olive oil must be due
to some other factor than acidity and the additive changes induced by the oleic
acid are possibly due to its acidity. Adler (6) in his work on pernicious anemia
found that olive oil included in the feed of rabbits induced crusted skin lesions
on the inner surface of the ears. Calcium lactate, lime water and tincture of ferric
chloride were fed at different times with the olive oil by him without diminishing
the effect of the oil. Pure oleic acid was also fed and found to be no more toxic
than olive oil with which my present results vary.
Potassium soaps of oleic acid and linoleic acid were then applied to the backs
of rats. These were found to be nearly as effective as oleic acid. They penetrated
into the hair follicles and caused great hypertrophy of the epidermis. Potassium
soap of ricinoleic acid, on the other hand, had little effect. It resembled the castor
oil and caused little hypertrophy of the epidermis. For some reason it was much
less effective than the potassium soaps of the other acids.
DISCUSSION
Olive oil applications produced marked changes in the epidermis while the admin-
istration of wool fat was relatively ineffective. The entire epidermis was affected
after the olive oil and xylene administration. Mitotic figures \vere much more
common in the prickle cell layer than in the similar stratum of the untreated skin.
If the applications were continued for 6 to 8 days the granulosum was affected
and parakeratosis was marked in the corneum. Shedding of moist, oily scales
occurred and if the oil treatments were stopped, the desquamation was very
marked, simulating the oily dandruff of man.
Thus, to keep the skin bearing hair in the best condition, wool fat or possibly
castor oil would seem best for application. The other substances used in these
experiments, namely, olive oil, mineral oil, and xylene cause acanthosis and para-
keratosis. It would seem advisable to discourage the application of these or similar
substances unless a parakeratosis is lesired
Oils did not cause the parakeratosis by retarding the desiccation of the cells
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for the wool fat or potassium soap of ricinoleic acid would have had the same
effect. The cells of the corneum must have been altered, thus permitting them to
retain their fluid content. Not oniy was parakeratosis induced but the granulosum
cells also remained larger and the rate of mitosis was increased. The mitosis was
not induced because of the loss of cells from the surface or the need of repair.
Mitotie activity must have been initiated either through direct stimulation or
by transmission of some effect through the more superficial cells. The possi-
bility of the latter seems quite improbable since 10% acetic acid should have
caused as much effect on the activity as the oleic acid. Stimulation must, there-
fore, have been the result of contact of the cells with the oil which would necessi-
tate its penetration. Although the penetrative power has not been shown by the
present investigation and remains to be demonstrated later, it seems quite pos-
sible that olive oil and oleic acid possess more penetrative properties than the
other substances tested. Whether this penetrative power depends on viscosity,
surface tension or some other physical property has not been determined.
Do these experiments suggest any cause for the dandruff in man is a logical
question. Since oleic acid has been found to be so effective and Weitkamp, et al.
(7) have found that free fatty acid does exist on the scalp, the possibility exists
that the free fatty acid on the scalp may be related to dandruff. In most indi-
viduals dandruff is more common in winter. This may be due to the coolness
favoring the formation of more unsaturated acids (Ralston, (8) ). In summer
dandruff is milder which is possibly due to the fact that perspiration moistens
the skin and alters the penetrability of substances on the skin surface.
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